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Abstract
In this paper the profitability of German car manufacturing firms is related to different indi-
cators for the knowledge incorporated in the firms since the birth of the industry in 1886. The
analysis is performed with an ordered probit model, where information about the kind of exit
of the firms is exploited to construct a latent profitability variable. Knowledge is represented
by the number of patents, learning-by-doing and entrepreneurial experience before entry. The
results show that knowledge is significantly positively related to firm profitability and that
each of the three knowledge forms exerts an independent effect.
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1.  Introduction
Profitability is the key indicator for the success of firms since only firms that are profitable in
the long-run (or are expected to be so) will survive in the process of competition. Empirical
studies of industry evolution frequently investigate the determinants of firm survival directly,
implicitly assuming that a sufficient level of profitability goes along with survival ￿ a part of
the story in Klepper (1996). Exemplary in this respect are Audretsch and Mahmood (1995) for
a broad sample of U.S. manufacturing establishments, Klepper (2002) for firms belonging to
four U.S. industries (automobiles, tires, television and penicillin) and Cantner et al. (2005,
2006) for the firms of the German automobile industry. These survival analyses are based on
the investigation of the determinants of the exit hazard that firms are faced with, but are not
distinguishing between different forms of exit. Among the explanatory variables used in these
analyses, indicators for the knowledge of firms play an important role, also justified by the
theory developed in Klepper (1996).
In the present paper we build on this literature but are interested in the investigation of the
influence of knowledge on firm profitability. Therefore we depart from the literature in two
respects. First, in contrast to the earlier research in Cantner et al. (2005, 2006) and the life-
cycle literature working with methods of statistical survival analysis, where the data are ana-
lyzed from the perspective of the time of entry, we now look at the data retrospectively (i.e.
from the time of exit). Second, our data set allows us to distinguish between different forms of
exit. Third, whereas the life-cycle literature implicitly focuses on the mere survival of firms as
an indicator of success and shows that knowledge in various forms promotes the survival of
firms, we investigate in this paper whether knowledge is also favorable for profitability as
another dimension of success. By that we are able to investigate if the results of the survival
analyses carry over to the relation of knowledge and profitability.
The investigation is performed for a sample of 349 firms operating in the German automobile
industry at some time since its birth in 1886. One specific feature of our analysis is that we
investigate how the knowledge of firms affects their profitability without actually having data
about profitability. Instead, we have information about the mode of exit of the firms, i.e. we
know whether a firm exits due to bankruptcy, voluntary liquidation, a merger or an acquisi-
tion or continues operation. This information about the exit mode of the firms is used for the
construction of a latent variable that can be interpreted as firm profitability. An advantage of3
this approach, suggested by Schary (1991), is that the latent profitability variable can not only
be interpreted in terms of the usual accounting profitability, but can also be interpreted in
terms of the theoretically more relevant concept of long-run expected profitability. Examples
for models where the long-run or expected profitability is the central focus of the firm are
Klepper (1996) but also dynamic neoclassical models with forward-looking agents choosing
their actions to maximize an expected future profit stream such as Ericson and Pakes (1995)
or Hopenhayn (1992).
This latent profitability variable is related to indicators for different forms of knowledge by
means of an ordered probit model. This approach is ideally suited for exploiting the ordered
categorical information about the mode of exit or the continuation of the firms. Because we
have this information available only for a limited part of the firms in our sample, a potential
sample selection problem arises. This problem is tested for and, where necessary, a correction
is implemented by combining the ordered probit model with the two-stage Heckman approach
(Heckman 1976, 1979). Used as explanatory variables are the number of patents (representing
knowledge related to innovation), the duration that a firm operates in the market (representing
learning-by-doing effects) and a dummy variable indicating the presence of pre-entry experi-
ence (because the firm diversifies into the production of automobiles, because the founder of
the firm headed another firm before or because the firm is a spin-off whose founder already
worked in the automobile industry before). In addition, two dummy variables indicating the
exit of firms during the German hyperinflation (1922-23) or the world economic crisis
2 (1929-
33) are added to take account of these exceptional incidents.
Taken together, our results show that the three forms of knowledge are indeed positively and
statistically significantly related to firm profitability. Special effects of the German hyperin-
flation or the world economic crisis can not be uncovered, however. These variables explain a
reasonable fraction of the differences in firm profitability. Some interesting differences across
different rankings of the exit modes emerge. Especially the effects of the German hyperinfla-
tion and the world economic crisis depend crucially on the ranking chosen. The empirical
results show that in addition to the positive effects on firm survival, firms endowed with a
larger stock of knowledge also tend to be more profitable, either in terms of accounting prof-
                                                          
2 Used is here the direct translation of the German term ￿Weltwirtschaftskrise￿ which is equivalent to the term
￿great depression￿ more commonly used in the US.4
itability or in terms of (long-run) expected profitability, depending on which interpretation of
the latent variable is chosen.
The plan of the paper is as follows: The following section 2 details how the information about
the exit modes is exploited for the construction of the latent profitability variable. Section 3
then contains the outline of the estimation approach, followed by the presentation of the re-
sults and the accompanying discussion in section 4. Section 5 concludes.
2.  Profitability and Exit
Besides the obvious importance of firm profitability, the notion appears to be somewhat am-
biguous. In economics two fundamentally different concepts of profitability are used. On the
one hand, there is accounting profitability that can be read off from the balance sheets of the
firms. On the other hand, in economic theory profitability is frequently treated as an expected
long-run variable. In the dynamic theory of firm or market behavior it is supposed that the
principal aim of the firm frequently is to maximize the expected value of a discounted profit
stream over a possibly infinite time horizon, subject to restrictions dictated by the technologi-
cal and market environment in which the firm operates. The work of Ericson and Pakes
(1995) and Hopenhayn (1992) mentioned in the introduction is exemplary in this respect. In
contrast to accounting profitability, long-run expected profitability is principally not observ-
able.
3 For our analysis of the influence of knowledge on firm profitability in the German
automobile industry, we also lack data about accounting profitability. This forces us to treat
profitability as a latent variable and to use information about the exit mode of the firms for
making inferences. This idea is borrowed from Schary (1991) who focuses on the exit deci-
sion of firms.
4
Our data set allows us to distinguish four different groups of firms which are each related to
different characteristics of accounting and long-run expected profitability.
5 The first is the
group of continuing firms. In this case accounting profitability is high enough so that the firm
is able to satisfy the requirements of the debtholders (i.e. interest payments and redemption).
                                                          
3 Stock markets where claims for future profits are traded can been viewed as an exception to this rule.
4 See Mueller (1986, pp. 107ff.) for additional discussion of the differences of accounting and economic profit-
ability in the context of determining the relation of market power and profitability. In his book, he uses a profit-
ability measure projected from past accounting profitability to capture the long-run aspect of profitability.
5 A fifth form of exit is the exit as a result of war damage during the First World War. These firms are excluded
from the empirical analysis since this form of exit has no economic reasons.5
In addition, the long-run expected profits are also high enough in the view of the equityhold-
ers to justify the continuation of the firm. The second group consists of the firms that are
subject to a merger or an acquisition and thus continue operation as part of another firm.
Here, the reasoning about accounting and long-run profitability is the same as in the case of
the continuing firms. As an additional aspect in this case, the long-run expected profits are
also high enough to make the firm an attractive candidate for a merger or an acquisition. In
some cases strategic considerations to eliminate a promising competitor may also be involved.
The third group of firms are those that are voluntarily liquidated. These firms generate an
accounting profit that is sufficient in the view of the debtholders, but the long-run expected
profitability is not high enough to let the continuation of operation appear to be a promising
alternative. The fourth group consists of all those firms that are forced to bankruptcy. This
decision is exclusively made by the debtholders if accounting profitability is not high enough
to satisfy their requirements, i.e. interest payments. In that case the profit expectations of the
management or the equityholders are of no relevance.
The information about the exit modes of the firms together with the above reasoning allows
us to arrange the four types of firms on an one-dimensional ordinal scale and therefore pro-
vides a ranking of the firms with respect to their profitability. In that ranking continuing firms
are considered to be more profitable than firms subject to a merger or an acquisition which are
more profitable than firms liquidating voluntarily and the firms forced to bankruptcy receive
the lowest profitability ranking (ranking A). In this ranking only the profitability order of the
continuing and the merged firms seems to be debatable. As an alternative it may also be ar-
gued that firms are an attractive target for a merger or an acquisition exactly because of their
extraordinarily high long-run expected profitability. This would imply a reversal of the rank-
ings of the merged firms and the continuing firms with the rest being unchanged (ranking B).
Both rankings are explored in the subsequent empirical analyses. The next section explains
the ordered choice model that is used to link the information about the exit modes to the latent
profitability variable. It will also be discussed there how a sample selection problem arises for
our data and how this problem is solved in the empirical estimates.
Before turning to the discussion of the estimation methodology and the results of the regres-
sion estimates we take a brief look at the composition of the sample in table 1. The exit modes
are listed in ascending order of profitability according to ranking A. Note that for linguistic6
convenience the group of continuing firms is also designated as an exit mode, although there
is no exit involved by definition. The data sources used to build up this database are outlined
in the appendix.
Table 1
Descriptive Statistics on the Exit Modes






As the table shows, we have the information about the exit mode for 182 of our total of 349
firms for which we know the years of entry and exit. Exit as a cause of World War One is not
considered as exit for economic reasons and the affected firms are therefore also excluded
from the empirical analysis. Out of the remaining firms roughly a half exit because of volun-
tary liquidation, about a fifth were forced to bankruptcy and slightly less than a fifth were
subject to a merger or an acquisition. 22 firms continue operation, corresponding to about 12
percent. Because of missing observations for the explanatory variables seven additional ob-
servations drop out, leaving a sample of 175 observations for the regression analysis. Thus,
we have exactly half of the total sample available for the regression analyses. Since this half
needs not necessarily be representative for the total sample, selection bias may be an issue.
The way this problem is dealt with is explained in the next section.
3.  Estimation Methodology
The ordinal information of the exit modes can straightforwardly be analyzed by means of an
ordered probit model in which profitability is considered as a latent variable. The sample se-
lection bias is tested for and, when found to be a problem, the Heckman model (Heckman
1976, 1979) is applied to obtain consistent parameter estimates. This model takes account of
the non-zero correlation of the error terms of the regression model and the additional selection
equation to be estimated. The selection equation allows to construct an estimate of the prob-
ability that we observe the exit mode of a firm, thereby accounting for the non-
representativeness of the selected sample. These elements of the estimation strategy are now7
explained in turn. Pottier and Sommer (1999) use a similar methodological approach for in-
vestigating the determinants of credit ratings.
In the ordered probit model the dependent variable is considered as an unobservable continu-
ous latent variable 
* y , representing the profitability of a firm, which depends on a k-vector of
explanatory variables x. For firm i (out of a sample of n firms) this regression model can be
stated as
i i i u y + ′ = β x
* ,
where, as usual, β is a k-vector of parameters which are to be estimated and  i u  is an error
term that is distributed normally with zero mean and a variance that can be normalized to
unity. Actually observed, however, is only an ordinal classification of the sample firms related
to their profitability (in ascending order of profitability), constructed from the four exit modes
of the firms as explained above and coded by the integer numbers 0 to 3. These four catego-
ries provide a partition of the range of the latent variable 
*



































where  2 1 0 γ γ < <  are threshold parameters that serve to distinguish the exit modes (note that
the normalization of the lowest threshold to zero is innocuous once an intercept is included in
the vector of explanatory variables). The distributional assumption of the error terms of the
regression model then allows to state the probabilities of the categories as
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Therein,  ) ( Φ ⋅  denotes the cumulative distribution function of a standard normal variate. These
probabilities are used to build the loglikelihood function which is maximized numerically
with respect to β and  ) , ( 2 1 ′ = γ γ γ . See Greene (2000) or Wooldridge (2002) for clear exposi-
tions of the ordered probit model.
As discussed above, this regression can, however, only be estimated for that part of the sam-
ple for which the exit modes are actually observed. In his efforts to account for the possible
sample-selection bias, Heckman (1976, 1979) shows that the selection bias is equivalent to an
omitted variable bias. For the correction of this problem he suggests a two-stage procedure
that relies on first estimating a so-called selection equation for the entire sample of firms,
which can be stated as




i z  is a continuous unobserved variable indicating the propensity of having information
about the exit mode of a firm,  i w  is a vector of explanatory variables and  i v  is a normally
distributed error term. These variables need not necessarily be disjoint from the explanatory
variables of the regression model in the vector  i x . Critical for the correction of the sample-
selection bias is the distributional assumption that the error terms of the regression model and











































Recall that both error variances have been normalized to unity as usual in discrete choice
analysis.
The parameters of the selection equation α can be estimated upon replacing 
*
i z  by a dummy
variable  i z  which is equal to unity if the exit mode information is available for firm i
(equivalent to  0
* > i z ) and zero otherwise. In this case the selection equation can be treated as
a familiar binary probit model and estimated by maximum likelihood, resulting in α ￿ . Thus,9
for all observations an estimate of the probability  ) 1 Pr( = i z  can be computed by  ) ￿ ( Φ α wi′ .
The second stage consists of an ordered probit estimation of the regression model, augmented
by the selection variable  ) ￿ ( Φ / ) ￿ ( ￿ α w α w i i i φ λ ′ ′ =  (with  ) (⋅ φ  as the standard normal density
function), restricted to the subsamle of firms for which the exit mode information is available.
This can be formally expressed as
i i λ i i u λ β y + + ′ = ￿ * β x  for all i with  0
* > i z .
The ordered probit maximum likelihood estimation leads to consistent estimates of β and  λ β ,
denoted by β ￿  and  λ β ￿ . All computations are performed using Limdep 7.0 (Greene 1998).
The standard errors of the second-stage estimation of the regression model are incorrect be-
cause the additional regressor  i λ ￿  is an estimate itself constructed from the results of the first-
stage selection equation. This would not be a problem if all parameters of the model (α,  β,
λ β ￿  and  ρ ) could be estimated simultaneously. Since simultaneous estimation is numerically
awkward in general and stuck in the starting solution of the ordered probit model without
sample selection in our case, the estimates reported below are computed by the two-stage ap-
proach with corrected standard errors obtained via bootstrapping. Bootstrapping requires here
to resample (with replacement) from the entire sample and computing the whole two-stage
procedure for each resample. Repeating this resampling procedure 1000 times gives 1000
different estimates for α,  β,  λ β ￿  and  ρ  from which the standard errors can be easily com-
puted (see Efron and Tibshirani 1993). These standard errors are correctly reflecting the addi-
tional estimation uncertainty on the second stage since the selection variable is computed on
the first stage in each replication anew.
Irrespective of the particular estimation strategy employed, the results allow for a simple test
of the existence of selection bias by testing the hypothesis  0 : 0 = ρ H  using the t-statistic for
λ β ￿ . Under the null hypothesis of absence of selection bias, the asymptotic distribution of this
t-statistic is standard normal. This fact allows to perform the test using ordinary standard er-
rors without having to resort to bootstrapping (see Davidson and MacKinnon 1993, p. 544).10
Rejection of the null hypothesis points towards the existence of selection bias for the present
sample and requires the application of the Heckman two-stage procedure.
4.  Results and Discussion
Our discussion of the results starts with the ordered probit estimates for both rankings without
taking account for sample selection issues. The first three explanatory variables used are all
related to various aspects of the knowledge incorporated in the firms (the data sources are
again outlined in the appendix). These are the three main knowledge components already used
in the survival analyses of Cantner et al. (2005, 2006):
•   The total number of patent grants of a firm, transformed by adding unity and taking loga-
rithms, log(1+PatCount), represents the stock of knowledge that is acquired by innovative
activity.
6 This variable is constructed from the number of patent grants and therefore repre-
sents successful innovations, although this needs not necessarily be associated with a high
economic value.
•   The duration that a firm operates in the market, the logarithm of the number of years of
survival, log(Y), represents the level of post-entry experience associated with learning-by-
doing effects as well as the familiarity of the firm with the particular market and institu-
tional environment in which it operates.
•   The existence of pre-entry experience is captured by a dummy variable denoted by P. This
dummy variable is equal to unity if the firm is founded by a firm that diversifies into the
production of automobiles, the founder of the firm headed another firm before or because
the firm is a spin-off whose founder already worked in the automobile industry.
In some specifications, two further dummy variables are included to take account for two ex-
ceptional historical incidents. These are equal to unity for firms exiting either during the years
of the German hyperinflation 1922-23 or during the world economic crisis 1929-33. They are
denoted by hyper and wec, respectively. Data availability prevents the consideration of firm
size as an explanatory variable, but size seems not to be strongly related to profitability differ-
ences within a specific industry anyway. In this respect, stylized fact 4.12 of Schmalensee
                                                          
6 PatCount represents the total number of patent grants of a firm, including the patents that a firm received be-
fore market entry. The total number of patents is transformed by the natural logarithm to limit the differences
between firms with a relatively low number of patents and firms with a relatively high number of patents. The
case of firms with a zero number of patents is allowed for by the addition of unity.11
(1989) states that "[w]ithin particular manufacturing industries, profitability is not generally
strongly related to market share" (p. 984).
Table 2
Ordered Probit Estimates without Sample Selection

























































log L -185.4995 -182.6303 -198.5665 -192.8439
McFadden-R
2 0.1206 0.1342 0.0586 0.0858
n 175 175 175 175
Note: p-values based on the standard normal distribution are shown in parentheses.
Table 2 presents these results for both ranking A (continuation ≥ merger&acquisition ≥ liqui-
dation ≥ bankruptcy) and ranking B (merger&acquisition ≥ continuation ≥ liquidation ≥ bank-
ruptcy). We first turn to the results obtained with ranking A and the specification without the
hyper and wec dummy variables. The results show that the patent variable and the duration of
survival exert significantly positive effects, whereas pre-entry experience is associated with a
positive but insignificant coefficient estimate. Interpreting these effects as working on the
latent variable, this implies that the long-run expected profitability is higher for firms with a
larger stock of innovative knowledge and for firms with a larger amount of experience accu-
mulated through learning-by-doing.
7 In contrast, the existence of pre-entry experience has no
significant effect on long-run expected profitability. This is an interesting difference to the
investigations of firm survival using duration analyses that routinely find a strong signifi-
                                                          
7 Additional empirical evidence on the relation of patent intensity on his projected measure of long-run profit-
ability is discussed in Mueller (1986).12
cantly positive effect of pre-entry experience (see Cantner et al. (2005, 2006) for the German
and Klepper (2002) for the US automobile industry). The overall fit, measured by McFad-
den￿s R
2, is somewhat above 10 percent. The threshold parameters  1 γ  and  2 γ  appear to be
quite precisely estimated, supporting the discriminatory power of the ranking.
The introduction of the hyper and wec dummy variables in the next column leaves the results
for the stocks of innovative knowledge and post-entry experience unaffected, with respect to
both coefficient magnitudes and significance. The coefficient for pre-entry experience rises
substantially and becomes weakly significant (at the 10 percent level), now attributing a prof-
itability-increasing effect to this knowledge component. The coefficients pertaining to the
dummy variables for the hyperinflation and the world economic crisis are both positive, but
insignificant. Despite its insignificance, the coefficient of the hyperinflation dummy is quite
large in magnitude. This outcome may be explained by the surge of investment into real assets
(as opposed to monetary assets) inducing a rapidly growing demand for automobiles and thus
increasing the long-run expected profitability of the firms. This effect is reinforced by export
advantages for German firms because of the rapid devaluation of the German currency during
these years and the debtor position usually assumed by firms (see Hetzel (2002) on the Ger-
man hyperinflation in general, Flik (2001, pp. 131ff.) on its effects on the automobile industry
and G￿mmel and Braun (1997) as well as Braun and Panzer (2003) on the related motorcycle
industry). In addition, Lee et al. (2000) provide evidence regarding the overall stock market
performance during the German hyperinflation as an independent assessment of profitability
expectations. They find that stock returns and inflation are positively related and move closely
together (in the technical sense of being cointegrated), concluding that ￿stocks appear to be a
good hedge against inflation during the hyperinflation period￿ (Lee et al. 2000, p. 384).
Stock market development is also a candidate to shed light on the insignificant, but positive,
effect of the world economic crisis. This may be the outcome of a widespread attitude that the
crisis is not surprising and only temporary, therefore not affecting long-run expected profit-
ability. In contrast to the US, where a massive stock market crash occurred in 1929, the Ger-
man economy experienced a steady prolonged decline of the stock market that started already
in 1927 and continued during the crisis (see Kindleberger 1973 and Temin 1989). The infor-
mation conveyed by the start of the US depression did not lead to an abrupt price correction
on the German stock market. Instead the German development was just the continuation of an13
already ongoing downward trend. This leads to the conjecture that the information about the
crisis may have been already implied in the expectations of the stock market participants to
some extent and by that can explain the insignificant effect of the respective dummy variable
on long-run expected profitability. This is supported by the fact that the automobile industry
was indeed part of those manufacturing industries which experienced growing production and
employment until 1939. Moreover, it has to be taken into account that the results of the re-
gressions are to be interpreted as conditional on the values of the other explanatory variables
(i.e. the knowledge components), whereas the stock market development provides an uncon-
ditional assessment of profitability expectations.
Turning to the corresponding results for ranking B reveals some interesting differences to
those for ranking A. Without the dummy variables for the hyperinflation and the world eco-
nomic crisis, only the duration representing post-entry experience is weakly significant. Add-
ing dummies for the hyperinflation and the world economic crisis strengthens the significance
of post-entry experience and lets pre-entry experience be significant, together with a substan-
tially increased coefficient estimate. Innovative knowledge is never significant in this ranking.
The coefficients pertaining to the hyper and wec variables are now both significantly positive,
implying a significantly higher profitability in the case of firms exiting during these years. For
the hyperinflation the explanation given for ranking A may also apply here. In the case of the
world economic crisis things are more puzzling. A possible cause may be the attempts of
firms to strengthen their market position by mergers (recall that in ranking B mergers and
acquisitions constitute the highest profitability category). A prominent case in point is the
merger of the firms Wanderer, Audi, Horch and DKW to Auto-Union in 1932. If the firms
believe that the crisis is only temporary and expect that their future profitability increases
again, they may choose to merge as a way to escape the crisis. The overall fit of the estimated
equation for ranking B is lower than for ranking A, indicating that ranking B may be less ap-
propriate.
8
The comparison of the results of the two rankings also sheds some light on the different ef-
fects of knowledge on long-run expected and accounting profitability. Overall, the results
                                                          
8 The results concerning the performance of mergers surveyed in Tichy (2001) highlight that there are many
motives for a merger other than increasing profitability (e.g. empire building). Moreover, in many instances
mergers reduce the value of the participating firms, thereby suggesting that in the long run continuing firms are
more profitable than mergers and acquisitions as proposed in ranking A.14
based on ranking A support an interpretation of the latent variable in terms of long-run ex-
pected profitability whereas the results based on ranking B are more in favor of an interpreta-
tion of the latent variable as accounting profitability. This interpretation is substantiated by
the finding that long-run expected profitability rises with the stock of innovative knowledge
whereas accounting profitability does not. Post-entry experience is significantly related to
both interpretations of the latent variable, but stronger so in the case of long-run expected
profitability. Both forms of knowledge are particularly oriented at the expected future success
of the firms. Pre-entry experience, in contrast, has only a weak effect on long-run expected
profitability. This can be interpreted in terms of overcompensation by the other knowledge
forms or simply as the depreciation of the long-run effect of pre-entry experience during mar-
ket participation. Accounting profitability, on the other hand, is not affected by innovative
knowledge but is significantly related to post- and pre-entry experience. This may also be an
outcome of the longer-term and tighter relations of the firms with their creditors. The results
for the dummy variables of the hyperinflation and the world economic crisis are, however,
difficult to reconcile with this interpretation. Altogether the results show clear differences of
the effects using either ranking A or ranking B and therefore support our interpretation of the
respective latent variables.
Table 3 presents the results for the ordered probit estimates taking sample selection into ac-
count. The selection equation is independent of the ranking chosen and uses the logarithm of
the duration and the dummy for pre-entry experience as explanatory variables for the prob-
ability that we actually observe the exit mode of the firms.
9 Both variables are strongly sig-
nificant with positive signs suggesting that older, better known and therefore presumably
larger, firms tend to be oversampled in the subsample for which the exit mode information is
available. The patent variable is not included in the selection equation to alleviate the poten-
tial problem of insufficient independent variation in the selection equation and the regression
model. The patent variable is, however, quite highly correlated with the post-entry experience
variable (with a correlation coefficient of about 0.57) and thus further supports the argument
of the biasedness of the sample in favor of larger firms.
                                                          
9 Note that the 326 observations available for the estimation of the selection equation stem from the 333 obser-
vations with complete data for all explanatory variables minus the 7 firms that exit as a cause of World War One.15
Looking first at the row labeled  λ ￿ which contains the parameter estimate pertaining to the
selection variable it can be recognized that it is significantly different from zero in the case of
ranking A, but not so in the case of ranking B, relying on ordinary standard errors. This t-test
can be validly performed with the ordinary standard errors, as explained above. The test re-
sults imply that sample selection is a potential problem in the case of ranking A but not in the
case of ranking B. Therefore it is necessary to correct the standard errors by the application of
bootstrapping only in the case of ranking A and to interpret the results accordingly. Recall
that these bootstrap corrected standard errors also account for estimation uncertainty origi-
nating from the fact that the selection variable is an estimate itself.
Table 3
Estimates with Sample Selection
Selection Regression Model (ordered probit)



































































log L -164.7512 -175.8242 -175.8242 -192.3761
McFadden-R
2 0.2680 0.1664 0.1664 0.0880
n 326 175 175 175
Note: p-values based on the standard normal distribution are shown in parentheses.
Thus, we can confine the interpretation of the parameter estimates to the third column of the
table showing the results for ranking A with the bootstrapped standard errors. As in the case16
of the estimates without sample selection in table 2, the three knowledge related explanatory
variables remain significantly positive. For the stock of innovative knowledge the p-value
increases considerably, however. Comparing the coefficient magnitudes reveals that the con-
sideration of sample selection leads to a lower estimate of the coefficient pertaining to the
stock of innovative knowledge, but substantially increases the coefficient estimates for the
pre- and post-entry experience indicators as a result of the selection bias. The coefficient es-
timates for the influence of the hyperinflation and the world economic crisis also appear to be
lower compared to table 2. It is assuring, however, that the main conclusions from the earlier
estimates are robust with respect to the correction for sample selection.
5.  Conclusion
Taken together the results show economically plausible effects of the knowledge indicators on
the profitability of the firms. More innovative firms with a larger stock of experience accu-
mulated since entry which were already endowed with pre-entry experience tend to be more
profitable and are therefore less likely to be forced to bankruptcy, less likely to liquidate vol-
untarily, but more likely to continue operation or to become subject to a merger or an acquisi-
tion. These results are a little bit dependent on whether the dummy variables for the hyperin-
flation and the world economic crisis are included or not. Depending on the specific ranking
of the exit modes chosen, sample selection seems either not to be a problem or its correction
leaves the main conclusions unaffected. The coefficient estimates change somewhat in the
latter case, but the overall pattern of significance is robust. Only the effect and the signifi-
cance of the patent variable is weakened recognizably.
10
All this shows that the knowledge variables act quite similarly on profitability and survival as
becomes clear by relating the results reported in this paper to the studies cited in the introduc-
tion. Thus, old and innovative firms with a founder that is already endowed with previous
entrepreneurial experience are not only more likely to survive but also appear to have a higher
long-run expected profitability. Of course, firm survival and firm profitability are mutually
related to each other since on can only talk about profitability in the case of firms that have
survived up to a certain point in time and also because sufficient profitability is a precondition
                                                          
10 These results for the knowledge indicators stand in contrast to the findings of the empirical example reported
in Schary (1991), where economic variables for production capacity, the debt-equity ratio, the value of equity,
retained earnings, the dividend-payout ratio and standard deviations indicating uncertainty appear to be mostly
insignificantly related to the latent profitability variable.17
of firm survival. Nevertheless it is assuring that the investigation of the effects of different
forms of knowledge on either firm survival or firm profitability leads to quite similar results.
Appendix: Data Sources
The basis of the statistical analyses performed in this paper is a data set of German firms
which produce automobiles at some time during the period 1886 to 1939,
11 their experience
before they entered into the market, the patents they hold and the reason for their exit. The
data set is the same as used in Cantner et al. (2005, 2006). Data have been collected only for
automobile manufacturing firms, excluding their suppliers and truck producers. Data sources
are numerous yearbooks, historical and statistical journals and books about veteran cars, the
most important being Doyle and Georgano (1963), Flik (2001), K￿hler (1966), Kubisch
(1983), Oswald (1996), Schrader (2002), von Fersen (1967, 1968) and von Seherr-Thoss
(1979). From these sources we identified a total of 441 firms that produced automobiles dur-
ing 1886 to 1939.
The data about the exit modes have been mainly gathered from the histories of individual
firms, relying in particular on Kubisch (1983), Oswald (1996), Schrader (2002) and von Se-
herr-Thoss (1979). From these sources, it is possible to distinguish between firms that were
forced to bankruptcy and firms that voluntarily chose to liquidate. In the cases of mergers the
firm with the same name as the new group or the largest firm (if the new group has a new
name) is treated as continuing according to Klepper (2002), the others are treated as exits. In
the case of acquisitions, the absorbing firm is treated as continuing if it produces automobiles
and the acquired firm is treated as exiting. If the absorbing firm does not produce automo-
biles, the acquired firm is treated as continuing.
Additional data that have been recorded are the year of entry (start of the automobile produc-
tion) and the year of exit (due to the stop of the automobile production, mergers or acquisi-
tions), together giving the number of years a firm was actually producing automobiles and not
the number of years in which the firm merely existed. Firms are classified as endowed with
pre-entry experience if they either diversify into the production of automobiles originating
from other industries, are de novo firms whose founder headed and typically owned a part of
                                                          
11 The history of the German automobile industry started in 1886 with the inventions of Gottlieb Daimler and
Karl Benz, who worked independent of each other.18
another firm before or are de novo firms whose founder worked in the automobile industry
before (i.e. spinoffs). Firms that produced automobiles, were forced to exit and later on pro-
duced automobiles again are treated as different firms and are classified as spinoffs when they
enter the market a second time. All other firms are treated as inexperienced firms.
The data about a firm￿s innovative experience are based on the patent grants of these firms.
The search procedure is described in detail by Cantner et al. (2005). Since this procedure was
based on the patent documents it is evident that patent grants are used. If patents were applied
together by two or more automobile firms they are assigned to all applying firms, justified by
the argument of Romer (1990) that the firms can use the associated know-how simultane-
ously. In the case of mergers and acquisitions, the patents of the merged (respectively ac-
quired) firms were assigned to the new firm.
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